The alkyne unit of 4'-ethynyl-2,2':6',2"-terpyridine has been functionalized with Ph 3 PAu, (2-tolyl) 3 PAu or Au(dppe)Au units to produce compounds 1-3, respectively. These 
Introduction
Gold(I) alkynyl complexes [1, 2] containing gold atoms in linear coordination environments are popular building blocks for polymeric and macrocyclic organometallic assemblies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The luminescent properties of gold(I) species [13, 14] and the ease of synthesis of gold(I) alkynyls make them attractive candidates for derivatization of other metal-binding domains such as pyridine [15] [16] [17] [18] [19] , 2,2'-bipyridine (bpy) [16, 20, 21] and 2,2':6',2"-terpyridine (tpy) [21, 22] . The combination of a luminescent gold(I) unit and a chelating ligand provides an approach to the design of metal ion sensors.
In gold(I) derivatives, aurophilic interactions (i.e. short Au...Au contact of around 3.00-3.20 Å) [23] are considered important in influencing their emissive behaviour [24, 25] . Recently, we reported the solid-state structures of four bis(gold(I) phosphane)-decorated 4,4'-diethynyl-2,2'-bipyridines (Scheme 1) [20] . Changing the phosphane from PEt 3 to P i Pr 3 alters the packing, producing different polymeric chain motifs. In both, Au...Au contacts of less than 3.4 Å are observed. For the more sterically demanding PPh 3 and P(4-tolyl) 3 substituents, no short Au....Au contacts are present in the solid state. In CH 2 Cl 2 solution, each compound (Scheme 1) is a dual emitter at room temperature. However, with λ ex ≈ 238 nm, the emission spectra decay quite rapidly at the expense of a new set of emission maxima, and we have proposed that this arises from cleavage of the Au-C alkyne bond. We now turn our attention to tpy-based compounds in which the alkynyl substituent is directly attached to the 4'-position of the tpy domain. This is in contrast to previously reported systems in which the tpy and C≡C units are separated by an arene spacer [21, 22] .
Scheme 1 Previously reported bis(gold(I) phosphane)-4,4'-diethynyl-2,2'-bipyridine compounds [20] .
Scheme 2 Structures of compounds 1-3 with numbering schemes for NMR spectroscopic assignments. Phenyl and 2-tolyl rings are labelled C.
Experimental

General procedures
1 H and 13 C NMR spectra were recorded on a Bruker DRX-500 NMR spectrometer with chemical shifts referenced to residual solvent peaks (CHCl 3 = δ 7.24 ppm, TMS = δ 0 ppm). 31 P NMR spectra were recorded using a Bruker DRX-400 NMR spectrometer and were referenced with respect to 85% H 3 PO 4 = δ 0 ppm. Absorption spectra were recorded using a Varian-Cary 5000 spectrophotometer and emission spectra using a Shimadzu RF-5301 PC spectrofluorometer; excitation/emission slit widths were set at 3/3, 5/3, 3/3, and 5/5 for 4'-ethynyl-2,2':6',2"-terpyridine, 1, 2 and 3, respectively. Electrospray ionization (ESI) mass spectra were measured with a Bruker esquire 3000 plus mass spectrometer.
4'-Ethynyl-2,2':6',2"-terpyridine was prepared according to the literature procedure starting from 4'-[(trifluoromethylsulfonyl)oxy]-2,2':6',2"-terpyridine [26] .
R 3 PAuCl with R = Ph or 2-tolyl was prepared by a reported route [27] with a reaction temperature of -5 o C. Abbreviation: tht = tetrahydrothiophene.
{Au(4'-C≡Ctpy)} n
The synthesis of {Au(4'-C≡Ctpy)} n was based on that described for {Au(4-C≡Cpy)} n [17] . 
Compound 2
The method was as for 1, starting with (2-tolyl) 3 
Compound 3
Bis(diphenylphosphino)ethane (dppe, 22mg, 55µmol) and {Au(4'-C≡Ctpy)} n (50 mg, 
Crystal structure determinations
Data were collected on a Stoe IPDS diffractometer and the data reduction, solution and refinement used Stoe IPDS software [28] and SHELXL97 [29] . ORTEP figures were drawn using Ortep-3 for Windows [30] , and the structures were analysed using Mercury v. 2.4 [31, 32] . 
Synthesis and characterization of compounds 1 and 2
We have previously shown that coupling of 4,4'-diethynyl-2,2'-bipyridine and R 3 PAuCl in the presence of diisopropylamine and CuI yields gold(I) phosphanederivatized bpy ligands [20] . When this methodology was extended to the synthesis of gold(I) phosphane derivatives of 4'-ethynyl-2,2':6',2"-terpyridine, we found that it was more convenient to replace the organic base by NaOAc. Treatment of 4'-ethynyl-2,2':6',2"-terpyridine with R 3 PAuCl (R = Ph or 2-tolyl) in a mixture of MeOH and [33] was assigned to C≡CAu, and this was confirmed by the observation of a cross-peak between this resonance and that of proton H B3 (see Scheme 2 for labelling). For 1, the HMBC spectrum exhibited a cross-peak between the signal for H B3 and a poorly resolved signal at δ 102.3 ppm, and the latter was assigned to alkyne carbon C≡CAu. The resonance for the second alkyne 13 C nucleus was not observed in either 1 or 2, a feature that we have also reported for gold(I) phosphane 4,4'-diethynyl-2,2'-bipyridine derivatives [20] .
The structures of 1 and 2 were confirmed by single crystal X-ray diffraction.
Suitable crystals were grown by slow diffusion of Et 2 O into CH 2 Cl 2 /toluene solutions of the compounds. Compound 1 (Fig. 1 ) crystallizes in the P2 1 /c space group, while 2 ( Fig . 2 . One of the two independent molecules (molecule A) of 2 (ellipsoids plotted at 40% probability level; H atoms omitted). Selected bond parameters: Au1a-C17a = 1.996(6), Au1a-P1a = 2.2859(14), P1a-C18a = 1.815(5) P1a-C25a = 1.825(5), P1a-C32a = 1.830(6), C16a-C17a = 1.187(8) Å; C17a-Au1a-P1a = 172.31 (19) , C16a-C17a-Au1a = 175.7(6), C17a-C16a-C8a = 178.8 (8) o . Bond parameters for the second independent molecule (molecule B) are similar. units. In contrast, the tpy units in neighbouring molecules of 2 are π-stacked (Fig. 4) ; tpy rings containing atoms N1a and N2a lie over those with N1a i and N2a i (symmetry code i = 3 -x, 2 -y, 2 -z) with an optimal slipped arrangement and a separation of 3.4 Å.
Similarly, the rings containing N1b and N2b are stacked over those containing N1b ii and N2b ii (symmetry code ii = 1 -x, 2 -y, 1 -z) at a separation of 3.5 Å. The tpy domains extend into layers which lie in the ac plane, and consecutive tpy-sheets are separated by sheets of interlocked P(2-tolyl) 3 units (Fig. 4) . 
Synthesis and characterization of 3
During attempts to prepare compound 3 in a similar manner to 1 and 2, we encountered difficulties with the purification of the product, and therefore turned to the use of {Au(4'-C≡Ctpy)} n as a precursor, following the strategy adopted by Ferrer ppm, consistent with a symmetrical environment for the dppe ligand. This was supported by the observation of one signal for the methylene groups in each of the 1 H and 13 C NMR spectra, and the spectra were also consistent with the presence of one tpy environment; the resonances were assigned using COSY, DEPT, HMQC and HMBC methods. As for 1 and 2, the signal for C≡CAu was not observed, while the second alkyne carbon gave rise to a poorly resolved signal at δ 102.0 ppm. This assignment was confirmed by a cross-peak in the HMBC spectrum to the resonance for proton H B3 .
Single crystals of 2(3)
. CHCl 3 were grown by slow diffusion of Et 2 O into a CH 2 Cl 2 /CHCl 3 /toluene solution of 3, and X-ray diffraction structure determination confirmed the molecular structure shown in Fig. 5 . The two gold(I) centres are in close contact with a separation of 2.9470(8) Å, consistent with an aurophilic interaction [34] . In theory, the folded conformation of 3 could have resulted in face-to-face π-interactions between the two tpy units, but as Fig. 6 illustrates, this is prevented by the guest chloroform molecule. Closest contacts are C32H32a….Cl2 = 3.27 Å and C60H60a….Cl3 = 3.61 Å. leaving the third pyridine ring protruding from one side of the ribbon (Fig. 7a) . The ribbons are arranged in a herringbone fashion (Fig. 7b) , the assembly being supported by CH…C alkyne and CH…N i contacts, the latter involving the non-π-stacked pyridine ring: 
Photophysical properties
The electronic absorption spectrum of a CH 2 Cl 2 solution of 4'-ethynyl-2,2':6',2"-terpyridine exhibits bands at 241 and 280 nm and a low energy tail with broad, low intensity maxima at 317 and 329 nm (Fig. 8) . The absorptions arise from alkyne and tpy π*←π and π*←n transitions. An increase in ε max is observed on going from 4'-ethynyl-2,2':6',2"-terpyridine to each of compounds 1, 2 and 3, and the approximate doubling in the values of ε max on going from 1 or 2 to compound 3 is consistent with the doubling of the number of tpy and alkyne units per molecule. The pattern of absorptions in the region between 260 and 310 nm is similar for each of compounds 1 to 3, with two maxmima at ca. 276 and 289 nm. Based on studies of related species [21, [35] [36] [37] [38] the transitions that give rise to the observed absorption spectra are most likely to be tpy/alkyne π*←π with Au orbital participation. When irradiated at 289 nm, 4'-ethynyl-2,2':6',2"-terpyridine emits at 351 nm with a high energy shoulder at 342 nm. On going to compounds 1-3 (λ ex = 289 nm), the emission is resolved into two clearly defined bands at 338 and 352 nm for 1, 339 and 353 for 2, and 342 and 352 nm for 3 (Fig. 9) . Excitation spectra confirm that the origins of these emissions are the broad absorptions between 230 and 300 nm shown in Fig. 8 . Measurements of the emission spectra for compounds 1-3 were repeated approximately every minute over a period of 10-15 minutes with λ ex = 230 nm. The emission bands (shown for 1 in Fig. 9 ) decayed and new bands grew in (Fig. 10 ).
Compared to those for 1, the new emission bands appeared at similar wavelengths for 2, suggesting that the photodegradation products were related. The changes in emission spectra of 3 as a function of time are depicted in Fig. 11 . The broad band that grows in between 410 and 560 nm is consistent with one of the broad emissions observed upone degradation of 1 and 2, but the strong emission observed at 280 nm as 1 degrades (Fig. 10) is almost completely quenched in 3 (Fig. 11) . When λ ex was at wavelengths higher than 230 nm, photodecay was much slower. We have not been able to determine the identities of the photodegradation products, but note that comparable decay and growth of bands in the emission spectra of gold(I) phosphane derivatives of 4,4'-diethynyl-2,2'-bipyridine are observed over time [20] . In particular, as 1 decays, the emission centred around 570 nm (Fig. 10) matches that observed for the photodecay of 4,4'-(R 3 PAuC≡C) 2 -2,2'-bipyridine (R = Ph or 4-tolyl) and we suggested [20] that this arises from the formation of small gold nanoclusters [39] . 
Conclusions
Functionalization of 4'-ethynyl-2,2':6',2"-terpyridine with Ph 3 PAu, (2-tolyl) 3 PAu or Au(dppe)Au units leads to the compounds 1-3 respectively which have been characterized spectroscopically in solution and by single crystal X-ray diffraction studies.
In the solid state, molecules of 1 or 2 are arranged in domains of tpy or R 3 PAu units; in 2, the tpy units engage in face-to-face π-stacking, but analogous interactions are not observed in 1. Compound 3 crystallizes as 2 (3) . CHCl 3 ; the dppe backbone adopts a folded conformation, bringing the two gold(I) centres within 2. 
